ABSTRACT Human head and body lice have been classiÞed into three phylogenetic clades (Clades A, B, and C) based on mitochondrial DNA. Based on nuclear markers (the 18S rRNA gene and the PM2 spacer), two genotypes of Clade A head and body lice, including one that is speciÞcally African (Clade A2), have been described. In this study, we sequenced the PM2 spacer of Clade C head lice from Ethiopia and compared these sequences with sequences from previous works. Trees were drawn, and an analysis of genetic diversity based on the cytochrome b gene and the PM2 spacer was performed for African and non-African lice. In the tree drawn based on the PM2 spacer, the African and non-African lice formed separate clusters. However, Clade C lice from Ethiopia were placed within the African Clade A subcluster (Clade A2). This result suggests that recombination events have occurred between Clade A2 lice and Clade C lice, reßecting the sympatric nature of African lice. Finally, the PM2 spacer and cytochrome b gene sequences of human lice revealed a higher level of genetic diversity in Africa than in other regions.
The taxonomy of human lice has been studied for decades. Recently, it was concluded that human head and body lice are two ecotypes of lice that have identical genomic content but different in gene expression patterns that result in different phenotypes (Veracx and Raoult 2012) . Human lice have been classiÞed based on mitochondrial DNA into three phylogenetic clades (Raoult et al. 2008 ). In addition, based on nuclear markers (the 18S rRNA gene [Yong et al. 2003 ] and the PM2 spacer [Veracx et al. 2012] ), it was found that Clade A head and body lice cluster into two "geotypes," one of which is African (Clade A2). In this study, we aimed to sequence African Clade C lice based on the PM2 spacer to determine their phylogenetic position among African and non-African Clade A lice.
Materials and Methods
Two head lice collected in Ethiopia in 2010 and previously shown to belong to the mitochondrial Clade C were used in this study. First, these lice were sequenced based on the PM2 spacer as previously described (Veracx et al. 2012) . Then, trees were drawn using the sequences of these two Clade C lice and the previously published sequences of Clade A lice (cytochrome b and intergenic spacers sequences) (Veracx et al. 2012) . The method to draw the trees was the same as previously described using the MEGA 5 software with a Maximum likelihood analysis and with complete deletion (Veracx et al. 2012) . Finally, based on the number of mutations, the nucleotide diversity of African lice relative to non-African lice was calculated with DnaSP 5.10 (Librado and Rozas 2009). Chi-square tests were run with 1 df. This work was performed based on both the PM2 sequences and the cytochrome b sequences.
Results and Discussion
The resulting tree based on the PM2 spacer showed that African and non-African lice clustered separately. However, Clade C lice from Ethiopia were not the sister-group to Clade A plus Clade B (as observed when using cytochrome b) but instead grouped with the African Clade A2 lice. The two trees are presented in Fig. 1 to allow the comparison of their phylogenetic organizations.
Greater genetic diversity was found among African lice than among lice from other regions based on both the PM2 spacer and cytochrome b gene sequences. The Table 1 shows the number of mutations found in the two groups for these two loci. For the PM2 spacer, statistical calculations showed a highly significant difference between the two populations of lice (P ϭ 0.00070); this difference is even greater for the cytochrome b sequences (P ϭ 0.00000). However, when the same analysis was performed with only Clade A lice (the two Clade C lice were discarded), the difference between African and non-African lice was less signiÞcant (P ϭ 0.00756 for the PM2 spacer and P ϭ 0.02288 for the cytochrome b gene).
This observation of greater diversity among African lice than among non-African lice was found previously in 2003 using the mitochondrial DNA markers ND4 and CytB and the nuclear markers EF-1␣ and RPII (Kittler et al. 2003) , suggesting that louse history follows human history (coevolution paradigm), mirroring the greater diversity of humans in Africa than in the rest of the world (Stoneking et al. 1997 , Yu et al. 2002 , Campbell and Tishkoff 2008 . Altogether, these observations support the theory of an African origin of human A and C lice. However, as we showed herein, this greater diversity of human lice in Africa compared with other regions is primarily because of the presence of Clade C lice in Africa, and these lice contribute strongly to the statistical signiÞcance of the difference. Moreover, in Table 1 , we see that the contribution of Clade C to the greater diversity of African lice relative to non-African lice is greater for the cytochrome b gene than for the PM2 spacer. Indeed, based on the cytochrome b gene, Clade C lice are highly divergent from Clade A lice, whereas Clade C lice do not cluster separately from Clade A lice based on the PM2 spacer. Based on these observations, we suggest that recombination events have occurred between Clade A and Clade C lice, at least in Africa. This hypothesis is plausible because Clade A and Fig. 1 . A comparison of the topologies of the cyt b and PM2 trees using the Maximum likelihood method. To facilitate the comparison of the two trees, we only used Clade A lice for which both the PM2 and cytochrome b sequences were available. For heterozygous lice with respect to the PM2 spacer, both alleles were included in the tree; these alleles are denoted by the same name with an additional "a" or "b" to distinguish them. In the cytochrome b tree, Clade B louse sequences from GenBank were added to show a complete picture of the currently known louse phylogeny based on this gene. In both trees, the bootstrap numbers were given only in case of Ͼ50% support. (Online Þgure in color.) Clade C head lice have been previously found to live in sympatry; lice of both clades were observed in the hair of three patients in Senegal (Boutellis et al. 2012) .
The potential recombination events between Clade A and Clade C lice illustrates once again that evolution is not dichotomic and behaves more like a rhizome (Raoult 2010, Georgiades and . In this study, we analyzed lice in Africa, where Clade A and Clade C lice are both found in louse populations, but it would be interesting to work on lice from another continent, such as North America, where Clade A and Clade B are prevalent, to determine whether recombination events have also occurred between Clade A and Clade B. Moreover, the sequencing of the PM2 spacer of Clade C lice from non-African regions (e.g., in Nepal) could be performed to determine whether these recombination events with Clade A lice have occurred also out of Africa. To conclude, from an epidemiological point of view, the sympatric lifestyle of these two clades of lice may be crucial. Indeed, lice from both clades have been shown to carry Bartonella quintana DNA (Sasaki et al. 2006 , Angelakis et al. 2011 , Boutellis et al. 2012 . These Þndings raise the question of whether these two clades of lice have the same epidemiological role. 13 (14) 9 ( 
